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(54) Method for forming barrier metal layers. 

(57) A method for forming interlevel contacts in 
integrated circuits includes the formation of a 
titanium nitride layer (26) prior to formation of 
an overlying conductive layer of a material such 
as poly crystal line silicon or a metal. In one 
approach, CVD titanium nitride (26) is deposited 
over a partially formed integrated circuit device 
and in a contact opening (20). The titanium 
nitride layer (26) is then exposed to an atmos- 
phere containing oxygen, so that oxygen atoms 
diffuse into the titanium nitride layer (26). This 
may be done in conjunction with an annealing 
step. In another embodiment, layers of titanium 
(28) and titanium nitride (30) are sequentially 
sputtered onto the device. The nitride layer may 
then be exposed to an oxygen ambient, or the 
oxygen may be incorporated into the titanium 
nitride layer during the sputter deposition. 



< 

CM 
O 

m 
m 



lu 



0 e (VS i~ 



A 

Y 



1 l;VT<J$UCt ! 





f 




t TO 











Jouve, 18, rue Saint-Denis, 75001 PARIS 



BNSDOCID; <£P__fl646e02A1JL?> 



EP 0 545 602 A1 



The present invention relates generally to the for- 
mation of integrated circuit devices, and more specif- 
ically to the formation of low resistance interlevel con- 
tact sensitive devices. 

In integrated circuit devices, contact resistance is 
between interconnect levels is important. This is es- 
pecially true in small devices, in which the small areas 
available for interlevel contacts can result in resis- 
tances high enough to adversely impact device per- 
formance. It is also important to provide a diffusion 
barrier between aluminum and silicon to prevent sili- 
con spiking, especially with the shallow junctions 
prevalent with high density devices. Many different 
techniques have been proposed and implemented to 
reduce contact resistances, while simultaneously 
minimizing interdiffusion of underlying silicon atoms 
and aluminum atoms from a metal interconnect struc- 
ture. 

One approach is to deposit a barrier metal in the 
contact prior to deposition of an aluminum intercon- 
nect layer. When a barrier metal such as titanium is 
used, it can be silicided in order to reduce the contact 
resistance. The titanium can also be used to form a 
barrier layer. One approach which has been used in 
the past is to deposit titanium over the integrated cir- 
cuit device after contact openings have been formed, 
and then anneal the titanium in a nitrogen ambient at- 
mosphere. This causes silicidation of the titanium in 
the contact opening, and forms a diffusion barrier lay- 
er of titanium nitride in the upper portions of the tita- 
nium layer. Thus, portions of the titanium layer are 
converted to titanium nitride while other portions are 
simultaneously converted to titanium silicide. 

While this approach provides enhanced barrier 
performance, the quality of the titanium nitride barrier 
in preventing migration of aluminum in silicon atoms 
is not as good as might be desired. With the conver- 
sion process described above, only a very thin top 
layer of the titanium is converted to stochiometric 
(1:1) titanium nitride. Below this thin top layer, typical- 
ly approximately 20 angstroms thick, the ratio of ni- 
trogen to titanium is relatively low. Thus the majority 
of the nitride layer is actually TiN x , where x typically 
has a value in the range 0.3 < x < 0.7. As is realized 
by those skilled in the art, providing substantially 
(1:1) titanium nitride for a substantial thickness of the 
converted nitride layer would provide improved barri- 
er properties. 

It would therefore be desirable to provide a tech- 
nique for forming a titanium nitride barrier layer which 
has improved properties over prior art techniques. It 
is extremely desirable for such a technique to be com- 
patible with current device processing techniques. 

Therefore, according to the present invention, a 
method for forming interlevel contacts in integrated 
circuits includes the formation of a titanium nitride 
layer prior to formation of an overlying conductive lay- 
er of a material such as polycrystalline silicon or a 



metal. In one approach, CVD titanium nitride is depos- 
ited over a partially formed integrated circuit device 
and in a contact opening. The titanium nitride layer is 
then exposed to an atmosphere containing oxygen, 

5 so that oxygen atoms diffuse into the titanium nitride 
layer. This may be done in conjunction with an an- 
nealing step. In another embodiment, layers of titani- 
um and titanium nitride are sequentially sputtered 
onto the device. The nitride layer may then be ex- 

10 posed to various oxygen treatments, or the oxygen 
may be incorporated into the titanium nitride layer 
during the sputter deposition. 

The novel features believed characteristic of the 
invention are setforth in the appended claims. The in- 

15 vent ion itself however, as well as a preferred mode of 
use, and further objects and advantages thereof, will 
best be understood by reference to the following de- 
tailed description of an illustrative embodiment when 
read in conjunction with the accompanying drawings, 

20 wherein: 

Figures 1-3 illustrate sections of an integrated 
circuit device during formation of contacts in ac- 
cordance with the present invention; and 
Figure 4 describes techniques for forming por- 

25 tions of the inventive method in flowchart form. 

The process steps and structures described be- 
low do not form a complete process flow for manufac- 
turing integrated circuits. The present invention can 
be practiced in conjunction with integrated circuitfab- 

30 rication techniques currently used in the art, and only 
so much of the commonly practiced process steps are 
included as are necessary for an understanding of the 
present invention. The figures representing cross- 
sections of portions of an integrated circuit during 

35 fabrication are not drawn to scale, but instead are 
drawn so as to illustrate the important features of the 
invention. 

Referring to Figure 1, an integrated circuit device 
is to be formed in a substrate 10. Gate electrodes 12 

40 are formed over the substrate 10 and spaced there- 
from by gate oxide layer 14. Sidewall spacers 16 are 
formed along side the gate electrodes 12 as known 
in the art. An interlevel insulating layer 18 is formed 
over the entire surface of the device. Interlevel insu- 

45 lating layer 18 can be, for example, a conformally de- 
posited undoped oxide, a reflow glass or spin on 
glass, or a combination of different insulating layers. 
Formation of the structures described so far are con- 
ventional, and well known in the art. 

so Referring to Figure 2 an enlarged view of the 

section shown in Figure 1 is illustrated. Openings 20 
and 22 are formed through the interlevel insulating 
layer 18. Opening 20 contacts the substrate 10 while 
opening 22 exposes a portion of the gate electrode 

55 12. 

In one preferred embodiment, those portions of 
the substrate 10 exposed in the opening 20 are sili- 
cided to form a silicided contact region 24. A layer 26 
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of CVD nitride is then deposited over the surface of 
the device. This conformal layer 26 fills the sides and 
bottoms of the openings 20, 22, and provides a diffu- 
sion barrier for a metal interconnect layer (not shown) 
to be deposited later over the device. Once the CVD 
nitride 26 has been deposited, a number of process 
alternatives are provided for by the present invention. 
These are discussed in more detail in connection with 
Figure 4, but generally include the introduction of 
oxygen into the nitride layer 26. A smalt amount of 
oxygen diffuses into the nitride layer 26, improving its 
resistance to the migration of silicon and aluminum 
atoms during later processing steps. 

Referring to Figure 3 an alternative nitride forma- 
tion technique is shown. Once the contact opening 20 
has been formed, the wafer containing the integrated 
circuit is placed into a sputtering machine. A titanium 
layer 28 is sputtered over the device in an argon at- 
mosphere, preferably to a thickness of approximately 
600 angstroms. Nitrogen is then introduced into the 
atmosphere of the sputtering chamber, while depos- 
ition of the titanium continues. This forms a titanium 
nitride layer 30 over the surface of the device, prefer- 
ably to a thickness of approximately 1000 angstroms. 
After formation of the nitride layer 30, the device is 
subjected to a thermal process, preferably a rapid 
thermal anneal, which forms a silicide region 32 be- 
low the opening 20. 

Since nitrogen was present to react with the tita- 
nium during its deposition, the entire thickness of the 
nitride layer 30 is substantially stochiometric (1:1). 
This provides an improved diffusion barrier when 
compared with prior art techniques of converting a 
previously deposited titanium layer to titanium nitride. 
Deposition of the stochiometric nitride layer also oc- 
curs with the alternative arrangement shown in Fig- 
ure 2. 

In both of the embodiments described in Figures 
2 and 3, the wafer containing the integrated circuit de- 
vice is preferably exposed to an atmosphere contain- 
ing oxygen after formation of either the nitride layer 
26 or the nitride layer 30. As described above, this can 
be performed in conjunction with a thermal treatment 
to enhance the diffusion of oxygen atoms into the nitr- 
ide layer 26, 30. Since, prior to oxygen diffusion, the 
nitride layer was substantially stochiometric, the re- 
sulting layer still contains approximately even propor- 
tions of titanium and nitrogen, with small amounts of 
oxygen. This results in a nitride layer having a formula 
of TiN x O y , where x is fairly close to 1 and y is very 
small. For example, x could be approximately 0.9 with 
y equal to approximately 0.1. 

With either of the embodiments described in con- 
nection with Figures 2 and 3, oxygen can actually be 
included in the titanium nitride layers 26 and 30 as 
they are formed. When the nitrogen is introduced into 
the atmosphere of the sputtering chamber, small 
amounts of oxygen may also be introduced. This will 
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cause small amounts of oxygen to be formed directly 
in the titanium nitride layer 30, so that a later oxygen 
diffusion step is not required- With the method of Fig- 
ure 3, it remains desirable to perform a thermal an- 

5 neal of the device in order to form the silicide layer re- 
gion 32 which improves contact resistance. 

Referring to Figure 4, two flow charts are shown 
which illustrate some of the process steps just descri- 
bed. Figure 4(a) illustrates the alternative shown in 

10 connection with Figure 3. Once the opening has 
been formed, titanium is sputtered onto the device in 
argon 40. While the sputtering continues, nitrogen 
and oxygen are introduced into the atmosphere of the 
sputtering chamber 42. Sputtering continues 44, 

15 forming a nitride layer having small amounts of oxy- 
gen included therein. If desired, the oxygen may be 
left out when the nitrogen is introduced in step 42, and 
diffused into the resulting nitride layer during the later 
anneal step. 

20 Figure 4(b) illustrates several optional steps 

which can be used to introduce oxygen into the tita- 
nium nitride layer as described above. Initially, the ti- 
tanium nitride layer is deposited 50. In any of the pre- 
ferred embodiments, small amounts of oxygen may 

25 be deposited with the titanium nitride layer, but this 
discussion will assume that this was not the case. 
The flow lines of the flow chart of Figure 4(b) may be 
followed in any combination. Thus, oxygen may be in- 
troduced into the nitride layer in a plasma environ- 

30 ment 52 after the formation of the nitride layer 26 or 
30 has been completed. After sputtering or CVD nitr- 
ide layer formation, the wafer containing the device 
may be moved to a separate chamber in a multich am- 
ber machine, and exposed to oxygen in such chamber 

35 54. Finally, the wafer may be moved to a rapid ther- 
mal processor, and subjected to an anneal in an am- 
bient containing nitrogen with small amounts of oxy- 
gen. 

As illustrated in the flowchart, the three oxygen 
40 diffusion steps 52, 54, 56 may be selected and per- 
formed in any combination. In addition, any of them 
can be performed on a titanium nitride layer 26, 30 
which was formed with oxygen initially available in 
the ambient atmosphere during sputtering or CVD de- 
45 position. 

The oxygen plasma step 52 is typically per- 
formed after deposition is complete, and may be per- 
formed at a partial pressure of oxygen of approxi- 
mately 10~ 5 torr to 10~ 2 torr , at a temperature of be- 
so tween 100°C and 500°C. If the wafer is moved to a 
separate chamber (step 54), the wafer may be ex- 
posed to an atmosphere of oxygen and argon at a 
temperature of between approximately room temper- 
ature and 500°C. Athermal anneal step in oxygen 56 
55 is preferably performed in an atmosphere containing 
nitrogen and oxygen at a temperature in the range of 
approximately 450° to 750°C. 

As will be appreciated by those skilled in the art, 

3 
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formation of the titanium nitride layer according to the 
described embodiments results in an improved diffu- 
sion barrier layer. This is believed to be caused by a 
stuffing of the grain boundaries of the titanium nitride 
by oxygen and nitrogen atoms during and after the 
nitride layer formation. This inhibits the mobility of 
aluminum and silicon atoms through the nitride layer 
between grain boundaries. 

As will be appreciated by those skilled in the art, 
the various described techniques are easily per- 
formed using standard process flows and do not re- 
quire any special equipment. A thicker layer of sub- 
stantially stochiometric titanium nitride is formed than 
in the case of prior art techniques, and an improved 
diffusion barrier layer results. This improved diffusion 
barrier minimizes intermingling of aluminum and sili- 
con atoms at contact regions, preventing detrimental 
side affects of such intermingling as is known in the 
art. 

While the invention has been particularly shown 
and described with reference to a preferred embodi- 
ment, it will be understood by those skilled in the art 
that various changes in form and detail may be made 
therein without departing from the spirit and scope of 
the invention. 



Claims 

1. A method for forming a barrier layer on an inte- 
grated circuit device, comprising the steps of: 

forming an insulating layer over the de- 
vice; 

forming an opening through the insulating 
layer to expose a portion of an underlying con- 
ducting layer; 

forming a layer of titanium nitride over the 
insulating layer and in the opening; and 

exposing the titanium nitride layer to an 
ambient atmosphere containing oxygen to cause 
oxygen molecules to diffuse into the titanium nitr- 
ide layer. 

2. The method of Claim 1, wherein the underlying 
conductive layer comprises a semiconductor 
substrate. 

3. The method of Claim 1, wherein said step of form- 
ing a layer of titanium nitride comprises the step 
of: 

depositing a layer of substantially stoichio- 
metric titanium nitride over the device. 

4. The method of Claim 3, wherein the titanium nitr- 
ide layer is formed by chemical vapor deposition. 

5. The method of Claim 3, wherein said depositing 
step comprises the steps of: 



depositing a layer of titanium in a nonreac- 
tive ambient atmosphere; 

introducing nitrogen into the ambient at- 
mosphere; and 
5 depositing titanium reacted with the nitro- 

gen to form titanium nitride. 

6. The method of Claim 5, wherein the titanium lay- 
er is deposited in an atmosphere containing ar- 

w gon. 

7. The method of Claim 5, wherein said introducing 
step further includes introducing oxygen into the 
ambient atmosphere. 

15 

8. The method of Claim 5, further comprising the 
step of: 

thermally annealing the device after de- 
positing the titanium nitride, wherein titanium sil- 
20 icide is formed in the exposed portion of the un- 

derlying conducting layer. 

9. The method of Claim 1, wherein said exposing 
step comprises the step of: 

25 exposing the titanium nitride layer to an 

oxygen plasma. 

10. The method of Claim 1, wherein said exposing 
step comprises the step of: 

30 exposing the titanium nitride layer to an at- 

mosphere containing oxygen and argon at a tem- 
perature of between 100 and 500 degrees C. 

11. The method of Claim 1, wherein said step of form- 
35 ing the titanium nitride layer comprises the step 

of: 

providing an ambient atmosphere contain- 
ing oxygen; and 

depositing the titanium nitride over the de- 
40 vice, wherein oxygen atoms are included in the ti- 

tanium nitride layer. 

12. A barrier layer structure for an integrated circuit 
device, comprising: 

45 an insulating layer overlying a conductive 

structure; 

an opening through said insulating layer 
which exposes a portion of the underlying con- 
ductive structure; 
50 a barrier metal layer overtying a portion of 

the insulating layer and said opening, said barrier 
metal layer containing oxygen atoms therein. 

13. The structure of Claim 12, wherein said barrier 
55 metal layer comprises titanium nitride. 

14. The structure of Claim 13, wherein said barrier 
metal layer comprises substantially stoichiomet- 
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ric titanium nitride throughout its thickness. 

15. The structure of Claim 12, wherein said barrier 
metat layer comprises: 

a layer of titanium in contact with said in- 5 
sulating layer and the underlying conductive lay- 
er; and 

a layer of substantially stoichiometric tita- 
nium nitride overlying said titanium layer, said ti- 
tanium nitride containing oxygen atoms diffused 10 
thereinto. 



16. The structure of Claim 15, wherein said titanium 
nitride layer comprises a layer of material formed 

by sputtering titanium nitride over said titanium 15 
layer in an atmosphere containing oxygen. 

17. The structure of Claim 15, wherein said titanium 
nitride layer comprises a layer of material formed 

by sputtering titanium nitride over said titanium 20 
layer in an atmosphere not containing oxygen, 
followed by diffusing oxygen into said titanium 
nitride layer from an upper surface thereof. 
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